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A   cementitious  composition  comprises  (a)  an  hydraulic 
cement  comprising  at  least  65%  by  weight  of  hydraulic 
calcium  silicate,  e.g.  tricalciuin  silicate,  and  (b)  a  water- 
soluble  or  water-dispersible  organic  polymer.  The  hydraulic 
cement  preferably  comprises  not  more  than  7%  by  weight  of 
Al2O3,  not  more  than  6%  by  weight  of  Fe203  and  not  more 
than  4%  by  weight  of  S03,  and  may  be  partially  replaced  by  a 
mineral  aggregate  or  extender.  The  polymer  is  present  in  an 
amount  of  up  to  15%  by  weight  of  the  cement  and  other 
mineral  components  and  is  preferably  a  partially  hydrolysed 
poly(vinyl  acetate).  The  compositions  are  rendered  settable 
by  the  inclusion  of  water,  the  set  products  having  excellent 
wet  dimensional  stability. 



F i e l d   of  t h e   I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  c e m e n t i t i o u s  

c o m p o s i t i o n s   c o m p r i s i n g   an  h y d r a u l i c   c e m e n t   and  a  w a t e r -  

s o l u b l e   o r   w a t e r - d i s p e r s i b l e   o r g a n i c   p o l y m e r ,   and  t o  

c e m e n t i t i o u s   p r o d u c t s   p r o d u c e d   f rom  s u c h   c o m p o s i t i o n s .  

B a c k g r o u n d   to   t h e   I n v e n t i o n  

A l t h o u g h   t he   f l e x u r a l   s t r e n g t h   of   n o r m a l   c o n s t r u c t -  

i o n a l   c e m e n t s   i s   g e n e r a l l y   low,   t y p i c a l   v a l u e s   b e i n g  

a b o u t   5  MPa,  v a r i o u s   m e t h o d s   a r e   known  w h e r e b y   an  i n c r e a s e  

in  t h e   f l e x u r a l   s t r e n g t h   may  be  o b t a i n e d .   One  s u c h  

m e t h o d   i s   to   r e i n f o r c e   t he   c e m e n t i t i o u s   c o m p o s i t i o n   b y  

means   of  f i b r e s ,   f o r   e x a m p l e   of  a s b e s t o s ,   g l a s s ,   s t e e l ,  

c e r a m i c ,   s y n t h e t i c   r e s i n   or  v e g e t a b l e   m a t e r i a l .   H o w e v e r ,  

f i b r e   r e i n f o r c e m e n t   s u f f e r s   f rom  the   d i s a d v a n t a g e s   t h a t  

the   f l e x u r a l   s t r e n g t h s   o b t a i n e d   a r e   s t i l l   r e l a t i v e l y  

m o d e s t   a t   a b o u t   40  MPa,  t h a t   t he   i m p r o v e m e n t   in   t h e  

f l e x u r a l   s t r e n g t h   may  n o t   be  i s o t r o p i c ,   and  t h a t   t h e  

r h e o l o g i c a l   p r o p e r t i e s   of   t he   c e m e n t i t i o u s   c o m p o s i t i o n  

may  be  i m p a i r e d .  

I t   h a s   a l s o   b e e n   d i s c l o s e d   t h a t   c e m e n t i t i o u s  

c o m p o s i t i o n s   h a v i n g   a  h i g h e r   f l e x u r a l   s t r e n g t h ,   t y p i c a l l y  

a b o u t   150  MPa,  may  be  p r e p a r e d   by  m i x i n g   a  w a t e r - s o l u b l e  

or   a  w a t e r - d i s p e r s i b l e   p o l y m e r   w i t h   an  h y d r a u l i c   c e m e n t  

u n d e r   c o n d i t i o n s   of   h i g h   s h e a r ,   as  d i s c l o s e d   i n   E u r o p e a n  

P a t e n t   S p e c i f i c a t i o n   No.  0 , 0 5 5 ; 0 3 5   ( I m p e r i a l   C h e m i c a l  

I n d u s t r i e s   PLC) .   The  p o l y m e r   a c t s   as  a  p r o c e s s i n g   a i d  

w h i c h   p e r m i t s   c l o s e r   p a c k i n g   of  t h e   c e m e n t   p a r t i c l e s   t h a n  

can  n o r m a l l y   be  a c h i e v e d .   F u r t h e r m o r e ,   t h e   a m o u n t   of  w a t e r  

t h a t   i s   r e q u i r e d   f o r   p r o c e s s i n g   t h e   c o m p o s i t i o n   i s   l e s s  

t h a n   t h a t   w h i c h   i s   r e q u i r e d   f o r   c o n v e n t i o n a l   c e m e n t  

c o m p o s i t i o n s .   By  a p p r o p r i a t e   s e l e c t i o n   of   t h e   p o l y m e r  

and  of   t h e   p r o p o r t i o n s   in  w h i c h   t he   h y d r a u l i c   c e m e n t ,  



p o l y m e r   and  w a t e r   a r e   m i x e d   t o g e t h e r ,   a  c o m p o s i t i o n   i s  

o b t a i n e d   t h a t   can   be  r o l l e d   i n t o   a  w o r k a b l e   s h e e t ,  

f o r m e d   i n t o   s h a p e d   a r t i c l e s   and  u s e d   in  a p p l i c a t i o n s  

h i t h e r t o   open   o n l y   to   s u c h   m a t e r i a l s   as  m e t a l s ,   c e r a m i c s  

and   p l a s t i c s .  

The  o n l y   t y p e s   of   h y d r a u l i c   c e m e n t   t h a t   a r e  

d e s c r i b e d   in   E P - A - 0 , 0 5 5 , 0 3 5   a r e   a l u m i n o u s   c e m e n t s   a n d  

c a l c i u m   s i l i c a t e   c e m e n t s   o f   t he   P o r t l a n d   t y p e .   A l t h o u g h  

c a l c i u m   a l u m i n a t e   c e m e n t   i s   p r e f e r r e d ,   i t   i s   a  r e l a t i v e l y  

e x p e n s i v e   m a t e r i a l .   A  more  s e r i o u s   d i s a d v a n t a g e   of   t h i s  

t y p e   of   c e m e n t   i s   t h a t ,   a l t h o u g h   t he   wet   f l e x u r a l  

s t r e n g t h s   of  p r o d u c t s   m a n u f a c t u r e d   f rom  i t   r e m a i n   a d e q u a t e  

a t   a b o u t   4 0 - 5 0   MPa,  s u c h   p r o d u c t s   a r e   l i a b l e   to  d e f o r m a t i o n ;  

in   p a r t i c u l a r ,   t h e   wet   d i m e n s i o n a l   s t a b i l i t y   i s   p o o r   a n d  

5-10%  s w e l l i n g   in   w a t e r   w i l l   commonly   o c c u r .   H e n c e ,   f o r  

e x a m p l e ,   a  d e c o r a t i v e   p a n e l   b a s e d   on  t h i s   m a t e r i a l   a n d  

w e t t e d   on  one  s i d e   by  r a i n   may  warp   s e v e r e l y .   C o m m e r c i a l  

c a l c i u m   s i l i c a t e   c e m e n t s   s u c h   as  w h i t e   P o r t l a n d   c e m e n t  

a r e ,   in   g e n e r a l ,   c h e a p e r   t h a n   a l u m i n a t e   c e m e n t s ;   h o w e v e r ,  

t h e y   t oo   have   b e e n   f o u n d   to  s u f f e r   f rom  t h e   p r o b l e m   o f  

p o o r   wet   d i m e n s i o n a l   s t a b i l i t y ,   w h i c h   in   m o s t   c a s e s   w i l l  

be  e v e n   more  s e v e r e   t h a n   w i t h   a l u m i n a t e   c e m e n t s .   F u r t h e r -  

m o r e ,   s u c h   c a l c i u m   s i l i c a t e   c e m e n t s   h a v e   t h e   f u r t h e r   d i s -  

a d v a n t a g e s   t h a t   t h e i r   r h e o l o g y   in   t he   r e q u i r e d   mix  r a t i o s  

i s   r e l a t i v e l y   p o o r   and  t h a t   t h e y   g e n e r a l l y   g i v e   m u c h  

s h o r t e r   w o r k i n g   t i m e s   t h a n   can  be  o b t a i n e d   w i t h   a l u m i n a t e  

c e m e n t .  

Summary   of   t he   p r e s e n t   i n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  c e m e n t i t i o u s  

c o m p o s i t i o n   c o m p r i s i n g   an  h y d r a u l i c   c e m e n t   and  a  w a t e r -  

s o l u b l e   o r   w a t e r - d i s p e r s i b l e   o r g a n i c   p o l y m e r ,   w h e r e i n   a t  

l e a s t   65%  by  w e i g h t   of   t h e   h y d r a u l i c   c e m e n t   c o n s i s t s   o f  

h y d r a u l i c   c a l c i u m   s i l i c a t e .  



The  c e m e n t i t i o u s   c o m p o s i t i o n s   of  t h i s   i n v e n t i o n  

a r e   r e n d e r e d   s e t t a b l e   by  t h e   i n c l u s i o n   of  w a t e r   and  t h e  

p r e s e n t   i n v e n t i o n   a l s o  p r o v i d e s   a  c e m e n t i t i o u s   p r o d u c t  

p r o d u c e d   by  t he   s e t t i n g   of   s u c h   an  a q u e o u s   c o m p o s i t i o n .  

D e s c r i p t i o n   of   p r e f e r r e d   e m b o d i m e n t s  

The  h y d r a u l i c   c e m e n t   c o n s i s t i n g   s u b s t a n t i a l l y   o f  

h y d r a u l i c   c a l c i u m   s i l i c a t e   p r e f e r a b l y   c o m p r i s e s   a t  

l e a s t   85%,  p a r t i c u l a r l y   p r e f e r a b l y   a t   l e a s t   95%  a n d  

e s p e c i a l l y   a t   l e a s t   98%,  by  w e i g h t   of  h y d r a u l i c   c a l c i u m  

s i l i c a t e .   A  c a l c i u m   s i l i c a t e   i s   c o n s i d e r e d   h y d r a u l i c  

f o r   t h e   p u r p o s e s   of  t h i s   i n v e n t i o n   i f   i t   s h o w s   h y d r a u l i c i t y  

u n d e r   h a r d e n i n g   c o n d i t i o n s   t h a t a r e   n o r m a l   in   c e m e n t  

t e c h n o l o g y ,   u s u a l l y   room  t e m p e r a t u r e   ( 2 0 ° C )   and  a t m o s p h e r i c  

p r e s s u r e .   S u i t a b l e   m a t e r i a l s   a r e   t r i c a l c i u m   s i l i c a t e  

( C 3 S ) ,   b e t a - d i c a l c i u m   s i l i c a t e   ( β - C 2 S )   and  m i x t u r e s   t h e r e o f .  

The  C3S  may  be  in   t h e   f o r m   of  the   m o n o c l i n i c ,  

t r i c l i n i c   or   t r i g o n a l   ( r h o m b o h e d r a l )   p o l y m o r p h   or   a  

m i x t u r e   of  any  of  t h e s e .   C3S  in  t h e   s u b s t a n t i a l l y   p u r e  
f o r m   h a s   h i t h e r t o   b e e n   p r o d u c e d   and  i n v e s t i g a t e d   o n l y  

in  t h e   l a b o r a t o r y :   s e e ,   f o r   e x a m p l e ,   R . T . H .   A l d o u s ,  

"The  H y d r a u l i c   B e h a v i o u r   of   R h o m b o h e d r a l   A l i t e " ,   C e m e n t  

and  C o n c r e t e   R e s e a r c h ,   Vo lume   1 3 ( 1 9 8 3 ) ,   p a g e s   8 9 - 9 6 .  

β -C2S   i s   d e s c r i b e d ,   f o r   e x a m p l e ,   by  Δ .L .   K a n t r o   a n d  

C.H.   W e i s e   in  " H y d r a t i o n   of   V a r i o u s   β - D i c a l c i u m   S i l i c a t e  

P r e p a r a t i o n s " ,   J .   A m e r .   C e r a m .   S o c . ,   1 9 7 9 ,   62,  pp  6 2 1 - 6 2 6 .  

For   t he   v e r y   t e s t   r e s u l t s ,   the   h y d r a u l i c   c a l c i u m  

s i l i c a t e   s h o u l d   c o n t a i n   as  much  C3S  as  p o s s i b l e .   H o w e v e r ,  

C3S  p r o d u c e d   on  a  c o m m e r c i a l   s c a l e   w i l l   u s u a l l y   c o n t a i n  

a  p r o p o r t i o n   ( c o m m o n l y   up  to  30%,  t y p i c a l l y   2 0 - 3 0 % ,   b y  

w e i g h t )   o f  β-C2S  and  s u c h   a  m a t e r i a l   has;  p r o v e d   to   b e  

s a t i s f a c t o r y .  

The  r e m a i n d e r   o f   t h e   h y d r a u l i c   c e m e n t   w i l l   n o r m a l l y  

c o m p r i s e   t h e   p h a s e s   C3A  a n d / o r   C4AF,  f r e e   l i m e   and  s u c h  

i n o r g a n i c   m a t e r i a l s   ( e . g .   s u c h   m i n e r a l i s e r s   as  c a l c i u m  

f l u o r i d e )   as  may  be  r e q u i r e d   in   the   p r o d u c t i o n   o f   t h e  

c a l c i u m   s i l i c a t e   m a t e r i a l   a n d / o r   f o r   t h e   s t a b i l i s a t i o n   o f  



t h e   c a l c i u m   s i l i c a t e   p h a s e s   p r e s e n t   in   t h e   h y d r a u l i c  

c e m e n t .   H o w e v e r ,   t h e   h y d r a u l i c   c e m e n t   s h o u l d   n o t   c o n t a i n  

more   t h a n   6%  by  w e i g h t   of   i r o n   e x p r e s s e d   as  F e 2 0 3 .  

S i m i l a r l y ,   a l t h o u g h   a  s m a l l   a m o u n t   of   a l u m i n a   ( A l 2 O 3 )  

may  a l s o   be  r e q u i r e d   to   s t a b i l i s e   c e r t a i n   p h a s e s ,   t h e  

h y d r a u l i c   c e m e n t   s h o u l d   n o t   c o n t a i n   more   t h a n   7%  b y  

w e i g h t   of   a l u m i n a t e   e x p r e s s e d   as  A 1 2 0 3 .   I t   i s   p a r t i c u l a r l y  

p r e f e r r e d   t h a t   t h e   c e m e n t   s h o u l d   c o n t a i n   n o t   more  t h a n  

1%  by  w e i g h t   o f   i r o n   e x p r e s s e d   as  Fe2O3  and  n o t   m o r e  

t h a n   1%  by  w e i g h t   of   a l u m i n a t e   e x p r e s s e d   as  A 1 2 0 3 ,   s i n c e  

a b o v e   t h o s e   l e v e l s   t h e y   c a n n o t   be  a c c o m m o d a t e d   by  d i r e c t  

s u b s t i t u t i o n   in   t h e   c a l c i u m   s i l i c a t e   c r y s t a l   s t r u c t u r e .  

F u r t h e r m o r e ,   l e v e l s   of   A1203  and  Fe2O3  a b o v e   1%  m a y  

n e c e s s i t a t e   l o n g e r   h a r d e n i n g   t i m e s ,   as  e x p l a i n e d   h e r e i n -  

a f t e r .  

The  h y d r a u l i c   c e m e n t   s h o u l d   c o n t a i n   n o t   more  t h a n  

4%  by  w e i g h t   of   s u l p h a t e   e x p r e s s e d   as   SO3.  W i t h   a n  

i n c r e a s e   in  t h e   t o t a l   q u a n t i t y   of   A l 2 O 3  a n d   F e 2 O 3 ,  

e s p e c i a l l y   a b o v e   2%  by  w e i g h t   of  t h e   h y d r a u l i c   c e m e n t ,  

t h e r e   i s   a  d e c r e a s e   in   t h e   a m o u n t   of   s u l p h a t e   t h a t   c a n  

be  t o l e r a t e d :   i f   t h e   t c t a l   a m o u n t   of   A l 2 O 3  a n d   F e 2 O 3  
in   t h e   h y d r a u l i c   c e m e n t   i s   4%  by  w e i g h t   or   m o r e ,   t h e  

a m o u n t   of   s u l p h a t e   s h o u l d   be  1%  by  w e i g h t   o r   l e s s .  

The  c e m e n t i t i o u s   c o m p o s i t i o n s   of   t h e   p r e s e n t  

i n v e n t i o n   may  a l s o   c o n t a i n ,   in  a d d i t i o n   to   t h e   h y d r a u l i c  

c e m e n t ,   o t h e r   m i n e r a l   c o m p o n e n t s .   T h e s e   i n c l u d e   any  o f  

t h e   c o n v e n t i o n a l   p a r t i c u l a t e   a g g r e g a t e s   known  in  c e m e n t  

t e c h n o l o g y ,   f o r   e x a m p l e   s a n d   ( any   a g g r e g a t e ,   h o w e v e r ,  

p r e f e r a b l y   h a v i n g   a  maximum  p a r t i c l e   s i z e   of   200  µm  o r  

l e s s ) ,   a n d / o r   any  of   t h e   c o n v e n t i o n a l   e x t e n d e r s   u s e d  

in   c e m e n t   t e c h n o l o g y ,   f o r   e x a m p l e   s l a g ,   f l y   a s h ,  

p o z z o l a n a   or  s i l i c a   f u m e .   Such  a d d i t i o n s   w i l l   p r e f e r a b l y  

h a v e   p a r t i c l e - s i z e   d i s t r i b u t i o n s   t h a t w i l l   f a v o u r   m a x i m u m  

p a c k i n g   d e n s i t i e s   o f   t he   a s s e m b l i e s   of   p a r t i c l e s   m a k i n g  

up  t h e   c o m p o s i t e .  



Such   a g g r e g a t e s   and  e x t e n d e r s  -   w h i c h   may  b e  

r e g a r d e d   as  m i n e r a l   f i l l e r s  -   may  be  p r e s e n t   ( i f   a t   a l l )  

in  an  a m o u n t   o f ,   in  g e n e r a l ,   up  to   50%,  p r e f e r a b l y   up  t o  

30%  and  e s p e c i a l l y   up  to  15%,  r e l a t i v e   to  the   t o t a l   w e i g h t  

of  t h e   h y d r a u l i c   c e , n e n t   and  m i n e r a l   f i l l e r .  

The  p o l y m e r  -   w h i c h   t e r m   h e r e i n   i n c l u d e s   b o t h  

h o m o p o l y m e r s   and  c o p o l y m e r s  -   i s   p r e f e r a b l y   s e l e c t e d  

s u c h   t h a t   a  t e s t   c o m p o s i t i o n   c o m p r i s i n g   100  p a r t s   b y  

w e i g h t   of  t he   m i n e r a l   c o n t e n t   ( i . e .   t h e   h y d r a u l i c   c e m e n t  

and ,   i f   p r e s e n t ,   any  e x t e n d e r   or   a g g r e g a t e ) ,   5  p a r t s   b y  

w e i g h t   of   t he   p o l y m e r   and  16  p a r t s   by  w e i g h t   of  w a t e r ,  

when  e x t r u d e d   in   a  c a p i l l a r y   r h e o m e t e r ,   u n d e r g o e s   a n  

i n c r e a s e   of  a t   l e a s t   25%  in  s h e a r   s t r e s s   when  a  t e n - f o l d  

i n c r e a s e   in  t h e   s h e a r   r a t e   of   t he   t e s t   c o m p o s i t i o n   i s  

e f f e c t e d   when  t h e   s h e a r   r a t e s   as  m e a s u r e d   a r e   w i t h i n   t h e  

r a n g e   0 .1   to  5 s  i .   T h i s   c a p i l l a r y   r h e o m e t e r   t e s t   i s  

d e s c r i b e d   in  d e t a i l   in  E P - A - 0 , 0 5 5 , 0 3 5   ( t h e   t e a c h i n g   o f  

w h i c h   E u r o p e a n   p a t e n t   s p e c i f i c a t i o n   i s   i n c o r p o r a t e d  

h e r e i n   by  r e f e r e n c e ) .  

S u i t a b l e   p o l y m e r s   i n c l u d e   v i n y l   a c e t a t e   p o l y m e r s .  

A l t h o u g h   a  c o p o l y m e r   of   v i n y l   a c e t a t e   and  a  c o p o l y m e r i s -  

a b l e   monomer   may  be  e m p l o y e d ,   t he   p r e f e r r e d   p o l y m e r   i s  

p o l y ( v i n y l   a c e t a t e ) .   I t   i s   p r e f e r r e d   t h a t   t he   v i n y l  

a c e t a t e   p o l y m e r   be  p a r t i a l l y   h y d r o l y s e d ,   t he   d e g r e e   o f  

h y d r o l y s i s   b e i n g   p r e f e r a b l y   a t   l e a s t   50%  and  p a r t i c u l a r l y  

p r e f e r a b l y   in  t he   r a n g e   of   70  to  90%.  The  m o l e c u l a r   w e i g h t  

of  t h e   v i n y l   a c e t a t e   p o l y m e r   w i l l   in   g e n e r a l   be  a t   l e a s t  

3 , 0 0 0   and  up  t o ,   f o r   e x a m p l e ,   1 2 5 , 0 0 0 .  

O t h e r   p o l y m e r s   t h a t   can   be  u s e f u l   u n d e r   c e r t a i n  

c i r c u m s t a n c e s   b u t   t h a t   do  n o t   p a s s   t h e   above   r h e o m e t e r  

t e s t   i n c l u d e   c e l l u l o s e   e t h e r s ,   p o l y a c r y l a m i d e s   a n d  

a l k y l e n e   o x i d e   p o l y m e r s .  



U s u a l l y ,   t h e   w a t e r - s o l u b l e   o r   w a t e r - d i s p e r s i b l e  

o r g a n i c   p o l y m e r   w i l l   be  p r e s e n t   in   an  a m o u n t   of   up  t o  

15%,  p r e f e r a b l y   f r o m   1  to   15%  and  e s p e c i a l l y   f r o m   3  to  8%, 

by  w e i g h t   of   t h e   m i n e r a l   c o m p o n e n t s   ( i . e .   t h e   h y d r a u l i c  

c e m e n t   and ,   i f   p r e s e n t ,   t he   e x t e n d e r   and  a g g r e g a t e )   i n  

t h e   c o m p o s i t i o n s .  

I t   w i l l   be  u n d e r s t o o d ,   of  c o u r s e ,   t h a t   t h e   p o l y m e r  

c o m p o n e n t   of   t h e   c o m p o s i t i o n s   may  be  c o n s t i t u t e d   by  t w o  

or   more   s u i t a b l e   p o l y m e r s .  

The  a m o u n t   of   w a t e r   u s e d   to  p r e p a r e   a  s e t t a b l e  

c o m p o s i t i o n   s h o u l d   n o r m a l l y   be  s u f f i c i e n t   to   e n a b l e   a  

p l a s t i c   c o m p o s i t i o n   to  be  o b t a i n e d   t h a t   can   be  f o r m e d  

i n t o   s h a p e d   a r t i c l e s ;   s u c h   a  c o m p o s i t i o n   w i l l   n o r m a l l y  

h a v e   a  d o u g h - l i k e   c o n s i s t e n c y .   U s u a l l y ,   t h e   a m o u n t   o f  

w a t e r   r e q u i r e d  i s   a t   l e a s t   5%  by  w e i g h t   of   t h e   t o t a l  

c o m p o s i t i o n .   I t   i s   n o r m a l l y   a d v a n t a g e o u s   to  u se   t h e  

min imum  a m o u n t   of   w a t e r   t h a t   i s   n e c e s s a r y   to  o b t a i n   s u c h  

a  c o m p o s i t i o n   and  i t   i s   e s p e c i a l l y   p r e f e r r e d   t h a t   t he   a m o u n t  

of   w a t e r   s h o u l d   n o t   e x c e e d   25%  by  w e i g h t   of   t h e   t o t a l  

c o m p o s i t i o n .   T h u s ,   t he   a m o u n t   of   w a t e r   may  a p p r o p r i a t e l y  

be  l e s s   t h a n   18%  or   even   l e s s   t h a n   12%  by  w e i g h t   of   t h e  

t o t a l   c o m p o s i t i o n .  

The  c o m p o s i t i o n   of  t h e   p r e s e n t   i n v e n t i o n   may  c o m p r i s e  

o t h e r   c o m p o n e n t s ,   f o r   e x a m p l e   p r o c e s s i n g   a i d s .   For   e x a m p l e ,  
i t   may  be  b e n e f i c i a l   to  i n c l u d e   a  p l a s t i c i z e r   f o r   t h e  

p o l y m e r   c o m p o n e n t ,   f o r   e x a m p l e   g l y c e r o l ,   a n d / o r   a  h y d r a t i o n  

a c c e l e r a t o r   f o r   t h e   c e m e n t   c o m p o n e n t ,   f o r   e x a m p l e   c a l c i u m  

c h l o r i d e   or   c a l c i u m   f o r m a t e .  

The  s e t t a b l e   c o m p o s i t i o n s   of   t h i s   i n v e n t i o n   may  b e  

p r o d u c e d   s i m p l y   by  m i x i n g   t he   h y d r a u l i c   c e m e n t ,   w a t e r ,  

p o l y m e r   and  any  o t h e r   c o m p o n e n t s .   The  c o m p o n e n t s   may  b e  

m i x e d   in   any  d e s i r e d   o r d e r :   f o r   p r e f e r e n c e ,   h o w e v e r ,   t h e  

d ry   s o l i d   c o m p o n e n t s   a r e   m i x e d   t o g e t h e r   f i r s t   and  t h e  

l i q u i d   c o m p o n e n t s   a r e   a d d e d   a f t e r ,   a l t h o u g h   i t   w o u l d  



a l s o   be  p o s s i b l e   f o r   t h e   p o l y m e r   and  t he   w a t e r  t o   be  m i x e d  

f i r s t   to  p r o d u c e   an  a q u e o u s   s o l u t i o n   or   d i s p e r s i o n   w h i c h  

i s   t h e n   m i x e d   w i t h   t h e   o t h e r   c o m p o n e n t s .  

A  t y p i c a l   p r o c e d u r e   f o r   o b t a i n i n g   t h e   s e t t a b l e  

c o m p o s i t i o n   i n v o l v e s   t h e   s t e p   of  d ry   m i x i n g   t h e   s o l i d  

c o m p o n e n t s ,   in  p a r t i c u l a r   t he   m i n e r a l   c o m p o n e n t s   ( t h e  

c e m e n t   and ,   i f   p r e s e n t ,   m i n e r a l   f i l l e r )   and   t h e   p o l y m e r ,  

f o r   a  p e r i o d   of  f r o m   20  to  60  s e c o n d s ,   e . g .   a b o u t   30  s e c o n d s ,  

a f t e r   w h i c h   w a t e r   a n d ,   i f   r e q u i r e d ,   g l y c e r o l   a r e   a d d e d   a n d  

t h e   m i x t u r e   i s   s u b j e c t e d   to  f u r t h e r   m i x i n g   u n t i l   a  d r y  

c r u m b l e   i s   o b t a i n e d ,   t h e   f u r t h e r   m i x i n g   s t a g e   u s u a l l y  

t a k i n g   f rom  20  to  90  s e c o n d s ,   f o r   e x a m p l e   a b o u t   60  s e c o n d s .  

The  a f o r e s a i d   d r y   m i x i n g   and  wet  m i x i n g   s t e p s   a r e   t y p i c a l l y  

c a r r i e d   ou t   a t   a  t e m p e r a t u r e   of  f rom  5  to  4 0 ° C ,   p r e f e r a b l y  

a t   a m b i e n t   t e m p e r a t u r e ,   and  u n d e r   a m b i e n t   c o n d i t i o n s   o f  

h u m i d i t y   and  a t m o s p h e r i c   p r e s s u r e .  

I t   i s   e s s e n t i a l   to  mix  the   c o m p o n e n t s   t h o r o u g h l y  

in  o r d e r   to  o b t a i n   a  u n i f o r m   c o m p o s i t i o n   and  t h i s   may  b e  

a c h i e v e d   by  s u b j e c t i n g   t h e   m i x t u r e   to  h i g h   s h e a r ,   f o r  

e x a m p l e   by  c o m p o u n d i n g   in   a  b l a d e d   h i g h   s h e a r   m i x e r   a n d / o r  

by  p a s s i n g   t he   c o m p o s i t i o n   r e p e a t e d l y   t h r o u g h   a  t w i n - r o l l  

m i l l   o r   t he   l i k e ,   or   by  vacuum  e x t r u s i o n .   The  h i g h - s h e a r  

m i x i n g   s t e p   i s   t y p i c a l l y   c a r r i e d   ou t   f o r   one  to   e i g h t  

m i n u t e s   in   o r d e r   to   g i v e   a  h o m o g e n e o u s ,   c o h e s i v e   m a t e r i a l .  

The  s e t t a b l e   c o m p o s i t i o n   o b t a i n e d   by  t h o r o u g h l y   m i x i n g  

t he   c o m p o n e n t s   may  be  f o r m e d   i n t o   s h a p e d   a r t i c l e s ,   f o r  

e x a m p l e   r o d s ,   t u b e s   or   s h e e t s ,   by  e x t r u s i o n   m o u l d i n g   o r  

c o m p r e s s i o n   m o u l d i n g .   The  m o u l d i n g   s t a g e   may,  f o r   e x a m p l e ,  

be  e f f e c t e d   a t   a  t e m p e r a t u r e   of  f rom  15  to   1 1 0 ° C ,   t y p i c a l l y  

f r o m   80  to  1 0 0 ° C ,   u n d e r   a  p r e s s u r e   of  f r o m   2  to  20  MPa,  

t y p i c a l l y   f rom  4  to  15  MPa,  f o r   a  p e r i o d   o f   f r o m   5  m i n u t e s  

to  24  h o u r s ,   t y p i c a l l y   f rom  30  to  60  m i n u t e s .   W h a t e v e r   t h e  

m e t h o d   of  p r o d u c t i o n   h o w e v e r ,   the   o p e r a t i o n   s h o u l d   be  s u c h  

as  to  d i s c o u r a g e   t h e   r e t e n t i o n   of  e n t r a i n e d   a i r   by ,   f o r  

e x a m p l e ,   m a i n t a i n i n g   p r e s s u r e   u n t i l   t h e   m a t e r i a l   h a s  
- : h a r d e n e d   s u f f i c i e n t l y   to  r e t a i n   i t s   m o u l d e d   s h a p e .   T h i s  



p r o c e s s   may  be  h a s t e n e d   i f   a p p r o p r i a t e   by  m a i n t a i n i n g  

t h e   c o m p o s i t i o n   a t   an  e l e v a t e d   t e m p e r a t u r e ;   f u r t h e r m o r e ,  

t h e   p r e s s i n g   may  a l s o   be  e f f e c t e d   u n d e r   c o n d i t i o n s   o f  

h i g h   h u m i d i t y .   A f t e r   r e l e a s e   of   t he   p r e s s u r e ,   f u r t h e r  

c u r i n g   u n d e r   a m b i e n t   c o n d i t i o n s   or   h i g h - h u m i d i t y   c u r i n g  

may  be  c a r r i e d   o u t .  

In  o r d e r   to   o b t a i n   good  wet   p r o p e r t i e s ,   i n  

p a r t i c u l a r   f l e x u r a l   s t r e n g t h   and  e l a s t i c   m o d u l u s ,   o n e  

s h o u l d   e n s u r e   t h a t   s u f f i c i e n t   h a r d e n i n g   of  t h e   c o m p o s i t e  

h a s   o c c u r r e d   b e f o r e   t h e   p r e s s u r e   i s   r e l e a s e d   a f t e r   s e t t i n g .  

I n s u f f i c i e n t   p r e s s i n g   may  g i v e   a  p r o d u c t   of   p o o r  

d i m e n s i o n a l   s t a b i l i t y .   The  p e r i o d   f o r   w h i c h   a  c o m p o s i t i o n  

m u s t   be  h e l d   u n d e r   p r e s s u r e   i s   d e p e n d e n t   u p o n   t h e  

c o m p o s i t i o n   of   t h e   c e m e n t .   I t   ha s   b e e n   f o u n d   t h a t   when  t h e  

c e m e n t   c o n t a i n s   a  s i g n i f i c a n t   a m o u n t   o f  β - C 2 S ,   s u l p h a t e  

( S O 3 ) ,   F e 2 0 3   or   A1203 ,   i t   i s   u s u a l l y   n e c e s s a r y   to  e f f e c t  

p r e s s i n g   of   t he   c o m p o s i t i o n   f o r   an  e x t e n d e d   p e r i o d .  

Fo r   i n s t a n c e ,   t h e   p r e s e n c e   of   3%  A l 2 0 3   or  F e 2 0 3   m a y  

n e c e s s i t a t e   p r e s s i n g   t i m e s   a t   100°C  of   2  o r   5  h o u r s  

r e s p e c t i v e l y   w h e r e a s   a  c o m p o s i t i o n   c o n t a i n i n g   0 .5%  F e 2 0 3  
a n d / o r   0 .5%  A1203  (by  w e i g h t   of   t he   c e m e n t )   may  r e q u i r e  

o n l y   30  m i n u t e s   u n d e r   p r e s s u r e .   The  c e m e n t   c o n t a i n s  

p r e f e r a b l y   n o t   more  t h a n   1%  S O 3 ;   i d e a l l y ,   i t   c o n t a i n s  

s u b s t a n t i a l l y   no  S03.   P r e f e r a b l y ,   no  more  t h a n   30%  b y  

w e i g h t   of   t h e   c e m e n t   s h o u l d   c o m p r i s e   β - C 2 S .  
The  p r e s e n t   i n v e n t i o n   p e r m i t s   t he   p r o d u c t i o n   o f  

c e m e n t i t i o u s   c o m p o s i t i o n s   w h i c h   have   e x c e l l e n t   w e t  

d i m e n s i o n a l   s t a b i l i t y ,   s t r e n g t h   and  f l e x u r a l   m o d u l i   a n d  

a l s o   e x c e l l e n t   d r y   s t r e n g t h ,   m o d u l u s   and  r h e o l o g i c a l  

p r o p e r t i e s .  

The  p r e s e n t   i n v e n t i o n   i s   h e r e i n a f t e r   i l l u s t r a t e d  

in  and   by  s p e c i f i c   E x a m p l e s ,   w h i c h   a r e   p r e c e d e d   b y  

c o m p a r a t i v e   E x a m p l e s   e x e m p l i f y i n g   t he   p r i o r   a r t .   In  t h e  

E x a m p l e s ,   a l l   p a r t s   and  p e r c e n t a g e s   a r e   by  w e i g h t ,   u n l e s s  

o t h e r w i s e   s t a t e d .   In  t h e   a n a l y s e s   of  t he   c e m e n t s   h e r e i n  



t h e   v a r i o u s   c o m p o n e n t s   a re   r e p r e s e n t e d   by  t he   s y m b o l s  

c u s t o m a r y   in  c e m e n t   t e c h n o l o g y ,   w h e r e   S  d e s i g n a t e s   S i 0 2 ,  

A  d e s i g n a t e s   A l2O3 ,   F  d e s i g n a t e s   F e 2 0 3 ,   and  C  d e s i g n a t e s  

CaO.  The  o x i d e   a n a l y s e s   were   d e t e r m i n e d   by  X - r a y   f l u o r e s -  

c e n c e   and  t h e   p h a s e   a n a l y s e s   by  X - r a y   d i f f r a c t i o n .  

C o m p a r a t i v e   E x a m p l e   A 

A  c a l c i u m   a l u m i n a t e   c e m e n t   ( S e c a r   71)  was  u s e d ,  

t h i s   h a v i n g   an  o x i d e   a n a l y s i s   of   0 .4%  S,  70 .5%  A,  0 .1%  F 

and  2 8 . 7 %   C,  and  a  p h a s e   a n a l y s i s   of  6%  C12A7,  44%  CA, 

30%  CA2  and  20%  @ - A l 2 O 3 .  
100  p a r t s   of  t he   c a l c i u m   a l u m i n a t e   c e m e n t   and  6 

p a r t s   of  h y d r o l y s e d   p o l y ( v i n y l   a c e t a t e )   ( G o h s e n o l   K H 1 7 S )  

were   m i x e d   d r y ,   and  0 . 6   p a r t s   of   g l y c e r o l   and  11  p a r t s  

of  w a t e r   w e r e   a d d e d .   F u r t h e r   m i x i n g   p r o d u c e d   a  d r y  

c r u m b l e ,   w h i c h   was  f o r m e d   i n t o   a  c o h e s i v e   s h e e t   b y  

r e p e a t e d   r o l l i n g   on  a  t w i n - r o l l   m i l l .   A f t e r   c u t t i n g   t o  

s i z e   t h e   s h e e t   was  p r e s s e d   in  a  h y d r a u l i c   p r e s s   b e t w e e n  

p o l y ( e t h y l e n e   t e r e p h t h a l a t e )   s h e e t s   a t   a  t e m p e r a t u r e   o f  

80°C  a n d  5   MPa  p r e s s u r e   f o r   a  p e r i o d   of  10  m i n u t e s .  

Upon  r e m o v a l   f rom  the   p r e s s   and  a f t e r   d r y i n g   a t   80°C  f o r  

16  h o u r s ,   t h e   c e m e n t i t i o u s   s h e e t   had  the   f o l l o w i n g  

p r o p e r t i e s   ( t h e   p r o p e r t i e s   of   a  b a r   of  o r d i n a r y   c e m e n t  

p a s t e   p r e p a r e d   by  c a s t i n g   a t   a  w a t e r / c e m e n t   r a t i o   o f  

0 . 2 8   a r e   g i v e n   f o r   c o m p a r i s o n ) :  

Upon  t o t a l   i m m e r s i o n   of  t h e   S e c a r / p o l y m e r   s h e e t s   i n  

w a t e r   a t   20°C  f o r   g i v e n   p e r i o d s   of   t i m e ,   t he   s h e e t s   w e r e  
s u r f a c e - d r i e d   and  t e s t e d   w i t h o u t   f u r t h e r   d r y i n g .   T h e  

f o l l o w i n g   p r o p e r t i e s   we re   o b t a i n e d :  



The  w a r p a g e   q u o t e d   h e r e   r e f e r s   to  t o t a l   i m m e r s i o n ,  

n o t   o n e - s i d e d   w e t t i n g ,   and  i s   t h e r e f o r e   t h e   r e s u l t   of  t h e  

c o m b i n e d   e f f e c t s   o f   n o n - u n i f o r m   p o r e   d i s t r i b u t i o n   b e t w e e n  

t h e   two  s u r f a c e s   of   t h e   s h e e t   ( r e s u l t i n g   f r o m   m a n u f a c t u r e  

on  a  r o l l )   and  t h e   c h a r a c t e r i s t i c   r e s p o n s e   of   t h e   m a t e r i a l  

in   q u e s t i o n   to  w a t e r   a b s o r p t i o n .   The  e f f e c t   of   s i n g l e -  

s i d e d   w e t t i n g   w o u l d   be  e x p e c t e d   to  be  more  a d v e r s e .  

The  w a r p a g e   i s   c a l c u l a t e d   as  f o l l o w s .   T h e  l o n g -  

i t u d i n a l   d i m e n s i o n   of   t h e   w a r p e d   s h e e t   i s   r e g a r d e d   a s  

an  a r c   h a v i n g   a  c h o r d   l e n g t h   L  ( i n   o t h e r   w o r d s ,   L  i s   t h e  

s t r a i g h t - l i n e ,   l o n g i t u d i n a l   d i s t a n c e   b e t w e e n   o p p o s i t e  

e d g e s   of   t h e   s h e e t ) .   The  maximum  d i s t a n c e ,   m e a s u r e d  

p e r p e n d i c u l a r l y   f rom  t h e   c h o r d ,   b e t w e e n   t h e   s h e e t   a n d  

t h e   c h o r d   i s   X,  t h e   w a r p a g e   b e i n g   d e f i n e d   as  X/L  e x p r e s s e d  

as  a  p e r c e n t a g e .  

The  u se   of  c o m p o s i t e s   of  t h i s   t y p e   b a s e d   on  c a l c i u m  

a l u m i n a t e   c e m e n t   f o r   a p p l i c a t i o n s   in   a  c o m p l e t e l y   d r y  

s t a t e   i s   v e r y   a t t r a c t i v e   and  can  be  r e c o m m e n d e d .   S e r i o u s  

d o u b t s   a b o u t   t h e   l o n g - t e r m   d u r a b i l i t y   e x i s t   h o w e v e r   w i t h  

p a r t i c u l a r   r e f e r e n c e   to   t h e   d i m e n s i o n a l   s t a b i l i t y   o f  

t h e   s h e e t s   p r o d u c e d ;   w a r p a g e   and  t h i c k n e s s   s w e l l i n g   h a v e  

b e e n   f o u n d   to  be  of   i m p o r t a n c e   and  w o u l d   r e n d e r   t h e  

m a t e r i a l   u n s u i t a b l e   f o r   any  a p p l i c a t i o n   i n v o l v i n g   n o n -  

u n i f o r m   e x p o s u r e   to  w a t e r ,   s u c h   as  t he   c l a d d i n g   of  b u i l d i n g s .  

C o m p a r a t i v e   E x a m p l e   B 

S h e e t s   c o n t a i n i n g   a  c o m m e r c i a l   w h i t e   c e m e n t  

of   t h e   P o r t l a n d   t y p e   ( B l u e   C i r c l e   " S n o w c r e t e " )   w e r e  

m a n u f a c t u r e d   by  a  p r o c e d u r e   s i m i l a r   to  t h a t   u s e d   f o r  



E x a m p l e   A  e x c e p t   t h a t   12  p a r t s   of  w a t e r   w e r e   u s e d .  

The  " S n o w c r e t e "   had  an  o x i d e   a n a l y s i s   of   22.3%  S ,  

4 .5%  A,  0 .3%  F,  67 .7%  C  and  2.3%  SO3,  and  a  p h a s e  

a n a l y s i s   of   59%  C3S,   20%  C2S,  11%  C3A  a n d  

1%  C 4AF. 
The  m o u l d e d   s h e e t s   had  the   f o l l o w i n g   p r o p e r t i e s  

a f t e r   d r y i n g   a t   8 0 ° C :  

T h i s   m a t e r i a l ,  a l t h o u g h   s o m e w h a t   l e s s   s t r o n g  

t h a n   the   r o l l e d   m a t e r i a l   d e s c r i b e d   in  E x a m p l e   A,  i s  

n e v e r t h e l e s s   o f   s u b s t a n t i a l l y   s u p e r i o r   d r y   p r o p e r t i e s  

to  t h e   o r d i n a r y   c e m e n t   m a t e r i a l   d e s c r i b e d   in   E x a m p l e   A.  

A f t e r   i m m e r s i o n   in   w a t e r   a t   20°C,  t he   s h e e t   p o s s e s s e d  

t h e   f o l l o w i n g   p r o p e r t i e s :  

T h i s   E x a m p l e   shows   t h a t   a l t h o u g h   a  c o n v e n t i o n a l  

c a l c i u m   s i l i c a t e   c e m e n t   can  g i v e   m a t e r i a l   of   h i g h   d r y  

s t r e n g t h ,   t h e   e f f e c t   of   w a t e r   i m m e r s i o n   i s   s u b s t a n t i a l l y  

more  a d v e r s e  t h a n   i t   i s   w i t h   the   c a l c i u m   a l u m i n a t e   c e m e n t .  

D i m e n s i o n a l   s t a b i l i t y   and  w a r p a g e   a r e   p a r t i c u l a r l y   p o o r .  

C o m p a r a t i v e   E x a m p l e   C 

A  h i g h   e a r l y   s t r e n g t h   c e m e n t   ( p r e p a r e d   a c c o r d i n g   t o  

t he   t e a c h i n g   of   G B - A - 1 , 4 9 8 , 0 5 7   and  c o n t a i n i n g   t r i g o n a l  

C3S  i n s t e a d   of   t h e   c o n v e n t i o n a l   m o n o c l i n i c )   was  u s e d   t o  

m a n u f a c t u r e   s h e e t s   u s i n g   a  p r o c e d u r e   s i m i l a r   to  t h a t   o f  

E x a m p l e   A  and  w i t h   11  p a r t s   of  w a t e r .  

The  h i g h   e a r l y   s t r e n g t h   c e m e n t   had  an  o x i d e   a n a l y s i s  



of  22 .2%  S,  2.9%  A,  1 .3%  F,  66 .8%  C  and  3 .3%  SO3,  and  a  

p h a s e   a n a l y s i s   of   69%  C3S,  12%  C2S,  5%  C3A  a n d  

4%  C 4 A F .  
The  m o u l d e d   c e m e n t   s h e e t s   had  the   f o l l o w i n g  

p r o p e r t i e s   a f t e r   d r y i n g :  

A f t e r   i m m e r s i o n   a t   20°C  f o r   t he   s t a t e d   p e r i o d s ,  

t he   wet   s h e e t   p o s s e s s e d   t h e   f o l l o w i n g   p r o p e r t i e s :  

The  d i m e n s i o n a l   s t a b i l i t y   and  f l e x u r a l   s t r e n g t h  

w e r e   p o o r .  

E x a m p l e   1 

An  h y d r a u l i c   c e m e n t   c o n s i s t i n g   e s s e n t i a l l y   o f  

t r i g o n a l   t r i c a l c i u m   s i l i c a t e   was  p r e p a r e d   in   t h e   f o l l o w i n g  

m a n n e r .   C a l c i u m   c a r b o n a t e   ( h i g h   g r a d e   c h a l k )   and  s i l i c a  

( c e r a m i c   g r a d e   s a n d )   were   p r o p o r t i o n e d   to  g i v e   t r i c a l c i u m  

s i l i c a t e   when  b l e n d e d   w i t h   1%  by  w e i g h t   of  c a l c i u m  

f l u o r i d e   and  0 .5%  by  w e i g h t   of   a l u m i n a ,   t he   r e s u l t a n t  

m i x t u r e   b e i n g   f i r e d   t w i c e   a t   1 , 5 0 0 ° C   in  an  o p e n   o i l - f i r e d  

l a b o r a t o r y   f u r n a c e   f o r   1  h o u r .   The  c l i n k e r   was  g r o u n d  

b e t w e e n   t he   b u r n s .   A f t e r   t h e   s e c o n d   b u r n ,   w h i c h   w a s  

e f f e c t e d   in  o r d e r   to  r e d u c e   t he   f r e e   l i m e   c o n t e n t ,   t h e  

c l i n k e r   was  g r o u n d   to  a  s u r f a c e   a r e a   of   400  m 2 / k g .  

The  r e s u l t a n t   h y d r a u l i c   c e m e n t   had  an  o x i d e   a n a l y s i s  

of   2 5 . 8 %   S,  0 .5%  A,  0 .2%  F  and  71.0%  C,  and  a  p h a s e   a n a l y s i s  

of  98%  C 3 S .   I t   c o n t a i n e d   s u b s t a n t i a l l y   no  S O 3 .  



The  s a i d   h y d r a u l i c   c e m e n t   was  u s e d   to  m a n u f a c t u r e  

s h e e t s   by  means   of   a  p r o c e d u r e   s i m i l a r   to  t h a t   d e s c r i b e d  

in  E x a m p l e   A,  e x c e p t   t h a t   10  p a r t s   of  w a t e r   we re   e m p l o y e d .  

The  cement /po lymer   s h e e t   had  the   f o l l o w i n g   p r o p e r t i e s   a f t e r  

d r y i n g :  

A f t e r   i m m e r s i o n   in   w a t e r ,   t he   wet   s h e e t   p o s s e s s e d  

t h e   f o l l o w i n g   p r o p e r t i e s .  

The  m o s t   s i g n i f i c a n t   a d v a n t a g e   of  t h i s   c o m p o s i t e  

o v e r   t he   p r i o r   a r t   r e s i d e s   in   t he   e n h a n c e d   wet   d i m e n s i o n a l  

s t a b i l i t y .   T h i s   a l l o w s   t he   p o s s i b i l i t y   of   e x t e r i o r  

a p p l i c a t i o n s   f o r   t h i s   t y p e   of   c o m p o s i t e .   A  f u r t h e r  

a d v a n t a g e   of   t he   i n v e n t i o n   i s   t h a t ,   a l t h o u g h   the   w e t  

s t r e n g t h   and  m o d u l u s   a r e   l o w e r   t h a n   t h o s e   o b t a i n e d   w i t h  

t h e   c a l c i u m   a l u m i n a t e   s y s t e m ,   t he   f a l l   in  t h e s e   p r o p e r t i e s  

on  w e t t i n g   i s   n o t   p r o g r e s s i v e :   t he   m a t e r i a l   i s   of  s t a b l e  

p r o p e r t i e s   a f t e r   w e t t i n g   w h e r e a s   t he   c a l c i u m   a l u m i n a t e  

s h o w s   p r o g r e s s i v e   d e t e r i o r a t i o n   o v e r   t he   r a n g e   of   t i m e s  

t e s t e d .  

E x a m p l e   2 

The  p r o c e d u r e   of  E x a m p l e   1  was  f o l l o w e d   e x c e p t   t h a t  

t h e   s h e e t   was  n o t   d r i e d   a t   80°C  a f t e r   p r e s s i n g   b u t   w a s  

a l l o w e d   to  s t a n d   a t   20°C  f o r   7  d a y s   in  a  n o r m a l   a t m o s p h e r e .  

The  s h e e t   had  the   f o l l o w i n g   d ry   p r o p e r t i e s   a f t e r   t h i s   t i m e :  



A f t e r   i m m e r s i o n   in  w a t e r   a t   20°C,   t he   s h e e t   h a d  

t h e   f o l l o w i n g   p r o p e r t i e s :  

A g a i n   t h e   same  t r e n d   was  o b s e r v e d   as  in   E x a m p l e   1 ,  

b u t   w i t h   e n h a n c e d   s t r e n g t h   when  w e t .   D i m e n s i o n a l  

s t a b i l i t y   when  wet   r e m a i n e d   a t   a  good  l e v e l .  

A  f u r t h e r   c o m p a r i s o n   i s   made  b e l o w   in  t e r m s   of  t h e  

wet   s t r e n g t h s   of   t h e   m a t e r i a l s   of   c o m p a r a t i v e   E x a m p l e   A 

and  E x a m p l e   2  r e l a t i v e   to  t he   r e s p e c t i v e   d r y   s t r e n g t h s :  

T h i s   c l e a r l y   d e m o n s t r a t e s   t he   s t r e n g t h   r e t e n t i o n  

of   t h e   p a r t i c u l a r   t r i g o n a l   C3S  c e m e n t   u s e d   when  wet  a n d  

s h o w s   t h e   a d v a n t a g e   of  a  s t a b l e   c o m p o s i t i o n .  

E x a m p l e   3  

An  h y d r a u l i c   c e m e n t   c o n s i s t i n g   e s s e n t i a l l y   o f  

t r i c l i n i c   t r i c a l c i u m   s i l i c a t e   was  p r o d u c e d   as  f o l l o w s .  

C a l c i u m   c a r b o n a t e   ( h i g h   g r a d e   c h a l k   h a v i n g   an  a l u m i n a  



c o n t e n t   of   0 . 4%)   and  s i l i c a   (a  c e r a m i c   g r a d e   s a n d )  

we re   p r o p o r t i o n e d   to  g i v e   t r i c a l c i u m   s i l i c a t e   w h e n  

b l e n d e d   w i t h   1%  of   c a l c i u m   f l u o r i d e .   The  r e s u l t a n t  

m i x t u r e   was  f i r e d   a t   1 5 0 0 ° C   f o r   one  h o u r   in   an  open  o i l -  

f i r e d   l a b o r a t o r y   f u r n a c e .   The  r e s u l t a n t   c l i n k e r   w a s  

g r o u n d   to  a  s u r f a c e   a r e a   of  400  m 2 / k g .   The  c e m e n t  

o b t a i n e d   in  t h i s   m a n n e r   had  an  ox ide   a n a l y s i s   of  25 .6%  S ,  

0 .3%  A,  0 .1%  F  and  7 1 . 9 %   C,  and  a  p h a s e   a n a l y s i s   of  99% 

C3S  h a v i n g   t h e   t r i c l i n i c   m o r p h o l o g y .   S03  was  s u b -  

s t a n t i a l l y   a b s e n t .  

The  h y d r a u l i c   c e m e n t   and  a  h y d r o l y s e d   p o l y ( v i n y l  

a c e t a t e )   were   m i x e d   and  m o u l d e d   to  fo rm  s h e e t s   in   a  

m a n n e r   s i m i l a r   to   t h a t   of   Example   2,  e x c e p t   t h a t   t h e  

m i x t u r e   was  h o t   p r e s s e d   a t   100°C.   The  r e s u l t a n t   s h e e t  

had   t he   f o l l o w i n g   d r y   p r o p e r t i e s :  

A f t e r   i m m e r s i o n   in   w a t e r   a t   20°C  f o r   e i t h e r   7 

d a y s   or   56  d a y s ,   t h e   s h e e t   had  the   f o l l o w i n g   p r o p e r t i e s :  

E x a m p l e   4  

An  h y d r a u l i c   c e m e n t   c o n s i s t i n g   e s s e n t i a l l y   ( 9 8  

p e r c e n t )   of  m o n o c l i n i c   t r i c a l c i u m   s i l i c a t e   was  p r o d u c e d  

f o l l o w i n g   t he   m e t h o d   of   E x a m p l e   1,  e x c e p t   t h a t   1 . 0 %  

a l u m i n a   was  b l e n d e d   i n ,   g i v i n g   a  f i n a l   c e m e n t   c o n t a i n i n g  

1.4%  A1203  and  0 .1%  F e 2 0 3 .   T h i s   c e m e n t   c o n t a i n e d  

s u b s t a n t i a l l y   no  S O 3 .  



S h e e t s   were   m a n u f a c t u r e d   f rom  t he   h y d r a u l i c   c e m e n t  

and  h y d r o l y s e d   p o l y ( v i n y l   a c e t a t e )   by  t h e   m e t h o d   d e s c r i b e d  

in  E x a m p l e   1,  e x c e p t   t h a t   p r e s s i n g   a t   80°C  was  e f f e c t e d  

f o r   30  m i n u t e s   w i t h   one  b a t c h   of  s h e e t s   ( " b a t c h   A")  a n d  

f o r   120  m i n u t e s   f o r   a n o t h e r   b a t c h   ( " b a t c h   B " ) .   T h e  

s h e e t s   had   t he   f o l l o w i n g   d ry   p r o p e r t i e s :  

A f t e r   i m m e r s i o n   in   w a t e r   ( 2 0 ° C )   f o r   e i t h e r   7  o r  

56  d a y s ,   t h e   wet   s h e e t s   p o s s e s s e d   t he   f o l l o w i n g   p r o p e r t i e s :  

The  a b o v e   e x a m p l e   i l l u s t r a t e s   t he   i m p o r t a n c e   o f  

t he   e f f e c t   of   t he   p r e s s i n g   c o n d i t i o n s   upon   c o m p o s i t i o n s  

h a v i n g   a  h i g h   c o n t e n t   of  A 1 2 0 3 .  

E x a m p l e   5 

An  h y d r a u l i c   c e m e n t   c o n s i s t i n g   e s s e n t i a l l y   ( 9 5  

p e r c e n t )   of   t r i c l i n i c   t r i c a l c i u m   s i l i c a t e   was  p r e p a r e d  

f o l l o w i n g   t he   p r o c e d u r e   of  E x a m p l e   4,  e x c e p t   t h a t   1 . 2 %  

of  F e 2 O 3  w a s   b l e n d e d   i n t o   t he   mix  i n s t e a d   of   A 1 2 0 3 .   T h i s  

p r o d u c e d   a  c e m e n t   c o n t a i n i n g   0 .3%  A1203  and  1 .9%  F e 2 0 3 .  
T h i s   c e m e n t   c o n t a i n e d   s u b s t a n t i a l l y   n o  

S O 3 .  

The  h y d r a u l i c   c e m e n t   and  h y d r o l y s e d   p o l y ( v i n y l  

a c e t a t e )   we re   f o r m e d   i n t o   s h e e t s   as  in   E x a m p l e   4,  o n e  

b a t c h   ( " b a t c h   A")  b e i n g   h o t   p r e s s e d   f o r   30  m i n u t e s   a n d  

a n o t h e r   b a t c h   ( " b a t c h   B")  b e i n g   h o t   p r e s s e d   f o r   120  m i n u t e s .  

The  r e s u l t a n t   s h e e t s   had  t he   f o l l o w i n g   d r y   p r o p e r t i e s :  



A f t e r   i m m e r s i o n   in  w a t e r   ( 2 0 ° C )   f o r   t h e   p e r i o d s  

s t a t e d   b e l o w ,   t h e   wet   s h e e t s   had  t h e   f o l l o w i n g   p r o p e r t i e s :  

The  a b o v e   e x a m p l e   i l l u s t r a t e s   t h e   i m p o r t a n c e   o f  

t h e   e f f e c t   of   t h e   p r e s s i n g   c o n d i t i o n s   upon   c o m p o s i t i o n s  

h a v i n g   a  h i g h   c o n t e n t   of  F e 2 0 3 .  
E x a m p l e   6 

An  h y d r a u l i c   c e m e n t   c o n t a i n i n g   99%  t r i c l i n i c   C 3 S ,  

as  d e s c r i b e d   in   E x a m p l e   3,  and  a  h y d r o l y s e d   p o l y ( v i n y l  

a c e t a t e )   were   m i x e d   and  t h e n  m o u l d e d   i n t o   s h e e t s   u s i n g  

t he   p r o c e d u r e   of   E x a m p l e   3,  e x c e p t   t h a t   10%  of   t h e  

c e m e n t   was  r e p l a c e d   by  s i l i c a   f u m e .   The  r e s u l t a n t   s h e e t s  

had  the   f o l l o w i n g   d r y   p r o p e r t i e s :  

A f t e r   i m m e r s i o n   in  w a t e r   ( 2 0 ° C )   f o r   t h e   p e r i o d s  

s t a t e d   b e l o w ,   t he   s h e e t s   had  t he   f o l l o w i n g   p r o p e r t i e s :  



The  above   e x a m p l e   d e m o n s t r a t e s   t h a t   a  c e m e n t /  

p o l y m e r   c o m p o s i t e   h a v i n g   e x c e l l e n t   p r o p e r t i e s ,   e s p e c i a l l y  

w i t h   r e g a r d   to  d i m e n s i o n a l   s t a b i l i t y ,   m a y  s t i l l   b e  

o b t a i n e d ,   even   when  an  i n e r t   m i n e r a l   f i l l e r   i s   i n c l u d e d .  

E x a m p l e   7 

An  h y d r a u l i c   c e m e n t   c o n s i s t i n g   e s s e n t i a l l y   ( 9 8  

p e r c e n t )   o f  β   -C2S  was  p r e p a r e d   in   t he   f o l l o w i n g   m a n n e r .  

C a l c i u m   c a r b o n a t e   ( h i g h   g r a d e   c h a l k )   and  s i l i c a   ( c e r a m i c  

g r a d e   s a n d )   were   p r o p o r t i o n e d   to  g i v e  β - C 2 S   and  w e r e  

m i x e d   w i t h   0.6%  b o r i c   a c i d .   The  r e s u l t a n t   m i x  u r e   w a s  

f i r e d   a t   1450°C  f o r   one  h o u r   in  an  open   o i l - f i r e d  

l a b o r a t o r y   f u r n a c e .   The  c l i n k e r   was  g r o u n d   to   a  s u r f a c e  

a r e a   of   400  m 2 / k g .   A n a l y s i s   of  t he   r e s u l t a n t   c e m e n t  

i n d i c a t e d   a  c o n t e n t   of   A1203  of  0.3%  and  a  c o n t e n t   o f  

F e 2 0 3   of   0 .3%.   S03  was  s u b s t a n t i a l l y   a b s e n t .  

S h e e t s   were   m a n u f a c t u r e d   f rom  t h e   h y d r a u l i c   c e m e n t  

and  a  h y d r o l y s e d   p o l y ( v i n y l   a c e t a t e )   in   a c c o r d a n c e   w i t h  

t h e   m e t h o d   of  E x a m p l e   1.  The  r e s u l t a n t   s h e e t s   h a d  

t h e   f o l l o w i n g   dry   p r o p e r t i e s :  

A f t e r   i m m e r s i o n   in   w a t e r   f o r   t he   s t a t e d   p e r i o d   a t  

2 0 ° C ,   t h e   s h e e t s   e x h i b i t e d   the   f o l l o w i n g   p r o p e r t i e s :  

A l t h o u g h   the   h y d r a u l i c   c e m e n t   c o n t a i n e d   o n l y   a  

low  c o n c e n t r a t i o n   of  A1203  and  of  Fe2O3,   t h e   w e t  

f l e x u r a l   s t r e n g t h   was  p o o r   owing   to  t he   s l o w   r a t e   o f  



h y d r a t i o n   of   t h e  β - C 2 S .   The  d i m e n s i o n a l   s t a b i l i t y ,  

h o w e v e r ,   was  s a t i s f a c t o r y .  

The  p r o p e r t i e s   of   t he   c e m e n t / p o l y m e r   s h e e t s  

c o n t a i n i n g   t h e  β - C 2 S  c e m e n t   c o u l d   be  i m p r o v e d   i f ,   a f t e r  

p r e s s i n g   as  d e s c r i b e d   a b o v e ,   t h e   s h e e t s   we re   c u r e d   a t  

800C  and  a t   100%  r e l a t i v e   h u m i d i t y   ( c o n d i t i o n s   w h i c h  

can  be  a d o p t e d   f o r   a c c e l e r a t e d   c u r i n g )   f o r   7  d a y s   a n d  

d r i e d   u n d e r   a m b i e n t   c o n d i t i o n s   f o r   7  d a y s .   S h e e t s  

t h a t   had  b e e n   c u r e d   and  d r i e d   in   t h i s   m a n n e r   e x h i b i t e d  

t h e   f o l l o w i n g   d r y   p r o p e r t i e s :  

A f t e r   i m m e r s i o n   in  w a t e r   f o r   t he   s t a t e d   p e r i o d   a t  

20°C,   t he   s h e e t s   e x h i b i t e d   t h e   f o l l o w i n g   wet   p r o p e r t i e s :  

T h u s ,   s a t i s f a c t o r y   wet   s t r e n g t h s   and  e l a s t i c  

m o d u l i   were   a c h i e v e d   and  the   d i m e n s i o n a l   s t a b i l i t y   w a s  

e x c e l l e n t .  

F l e x u r a l   s t r e n g t h s   and  m o d u l i   o b t a i n e d   by  t h e  

p r e s e n t   i n v e n t i o n   a r e   a t   l e a s t   of   s i m i l a r   m a g n i t u d e s   t o  

t h o s e   of   c u r r e n t   h i g h   s t r e n g t h   c e m e n t   p r o d u c t s ,   s u c h   a s  

a s b e s t o s   c e m e n t   and  g l a s s   f i b r e   r e i n f o r c e d   c e m e n t ,   a n d  

o f f e r   many  a d v a n t a g e s .  

I t   w i l l   of  c o u r s e   be  u n d e r s t o o d   t h a t   t h e   p r e s e n t  

i n v e n t i o n   has   b e e n   d e s c r i b e d   a b o v e   p u r e l y   by  way  o f  

e x a m p l e ,   and  m o d i f i c a t i o n s   of  d e t a i l   can  be  made  w i t h i n  

t he   s c o p e   and  s p i r i t   of   t he   i n v e n t i o n .  



1.  A  c e m e n t i t i o u s   c o m p o s i t i o n   c o m p r i s i n g   a n  

h y d r a u l i c   c e m e n t   and  a  w a t e r - s o l u b l e   or   w a t e r - d i s p e r s i b l e  

o r g a n i c   p o l y m e r ,   c h a r a c t e r i s e d   in   t h a t   a t   l e a s t   65%  b y  

w e i g h t   of  t h e   h y d r a u l i c   c e m e n t   c o n s i s t s   of   h y d r a u l i c  

c a l c i u m   s i l i c a t e .  

2.  A  c o m p o s i t i o n   a c c o r d i n g   to  c l a i m   1,  c h a r a c t e r -  

i s e d   in  t h a t   a t   l e a s t   85%  by  w e i g h t   of  t h e   h y d r a u l i c  

c e m e n t   c o n s i s t s   of   h y d r a u l i c   c a l c i u m   s i l i c a t e .  

3.  A  c o m p o s i t i o n   a c c o r d i n g   to  c l a i m   1  or   2 ,  

c h a r a c t e r i s e d   in   t h a t   t he   h y d r a u l i c   c a l c i u m   s i l i c a t e   i s  

t r i c a l c i u m   s i l i c a t e ,   b e t a - d i c a l c i u m   s i l i c a t e   or   a  m i x t u r e  

t h e r e o f .  

4.  A  c o m p o s i t i o n   a c c o r d i n g   to  c l a i m   3,  c h a r a c t e r -  

i s e d   in  t h a t   t h e   h y d r a u l i c   c e m e n t   c o n t a i n s   n o t   more  t h a n  

7%  by  w e i g h t   of   a l u m i n a t e   ( e x p r e s s e d   as  A l 2 O 3 ) ,   n o t   m o r e  

t h a n   6%  by  w e i g h t   of  i r o n   ( e x p r e s s e d   as  F e 2 0 3 )   and  n o t  

more  t h a n   4%  by  w e i g h t   of  s u l p h a t e   ( e x p r e s s e d   as  5 0 3 ) .  

5.  A  c o m p o s i t i o n   a c c o r d i n g   to  a n y  o n e   of   c l a i m s   1 

to  4,  c h a r a c t e r i s e d   in   t h a t   t he   h y d r a u l i c   c e m e n t   c o n t a i n s  

n o t   more  t h a n   1%  by  w e i g h t   of   a l u m i n a t e   ( e x p r e s s e d   a s  

A1203)   and  n o t   more   t h a n   1%  by  w e i g h t   of   i r o n   ( e x p r e s s e d  

as  F e 2 0 3 ) .  
6.  A  c o m p o s i t i o n   a c c o r d i n g   to  a n y  o n e   of   c l a i m s  

1  to   5,  c h a r a c t e r i s e d   in  t h a t   t he   p o l y m e r   i s   s e l e c t e d  

s u c h   t h a t   a  t e s t   c o m p o s i t i o n   c o m p r i s i n g   100  p a r t s   b y  

w e i g h t   of   t h e   m i n e r a l   c o m p o n e n t s ,   5  p a r t s   by  w e i g h t   o f  

the   p o l y m e r   and  16  p a r t s   by  w e i g h t   of  w a t e r ,   w h e n  

e x t r u d e d   in  a  c a p i l l a r y   r h e o m e t e r ,   u n d e r g o e s   an  i n c r e a s e  

of   a t   l e a s t   25%  in  s h e a r   s t r e s s   when  a  1 0 - f o l d   i n c r e a s e  

in  t he   s h e a r   r a t e   of  t he   t e s t   c o m p o s i t i o n   i s   e f f e c t e d  

when  the   s h e a r   r a t e s   as  m e a s u r e d   a r e   w i t h i n   t h e   r a n g e  
0 .1   to  5  s - 1 .  



7.  A  c o m p o s i t i o n   a c c o r d i n g   to  c l a i m   6,  c h a r a c t e r -  

i s e d   in  t h a t   t h e   p o l y m e r   i s   a  p a r t i a l l y   h y d r o l y s e d   v i n y l  

a c e t a t e   p o l y m e r .  

8.  A  c o m p o s i t i o n   a c c o r d i n g   to  a n y  o n e   of  c l a i m s  

1  to   5,  c h a r a c t e r i s e d   in  t h a t   t he   p o l y m e r   i s   s e l e c t e d  

f rom  c e l l u l o s e   e t h e r s ,   p o l y a c r y l a m i d e s   and  a l k y l e n e  

o x i d e   p o l y m e r s .  

9.  A  c o m p o s i t i o n   a c c o r d i n g   to  a n y  o n e   of  c l a i m s  

1  to   8,  c h a r a c t e r i s e d   in  t h a t   t he   p o l y m e r   i s   p r e s e n t   i n  

an  a m o u n t   of   up  to  15%  by  w e i g h t  o f  t h e   m i n e r a l  

c o m p o n e n t s .  

10.  A  c o m p o s i t i o n   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   1 

to  9,  c h a r a c t e r i s e d   in   t h a t   i t   a l s o   c o m p r i s e s   w a t e r   i n  

an  a m o u n t   s u f f i c i e n t   to  r e n d e r   t he   c o m p o s i t i o n   s e t t a b l e .  

11.  A  c o m p o s i t i o n   a c c o r d i n g   to  c l a i m   10,  c h a r a c t e r -  

i s e d   in  t h a t   i t   c o m p r i s e s   w a t e r   in  an  a m o u n t   of  f rom  5% 

to  25%  by  w e i g h t   of   t h e   t o t a l   c o m p o s i t i o n .  

12.  A  c e m e n t i t i o u s   p r o d u c t ,   c h a r a c t e r i s e d   in  t h a t  

i t   ha s   been   p r e p a r e d   by  the   s e t t i n g   of   a  c e m e n t i t i o u s  

c o m p o s i t i o n   a c c o r d i n g   to  c l a i m   10  o r   1 1 .  
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